Aim-To describe the phenomenon of peripheral field loss following routine pars plana vitrectomy for stage 2 and 3 full thickness macular hole and to investigate the underlying mechanism.
Methods-Five patients, who reported peripheral field defects after apparently uncomplicated vitrectomy, posterior cortical vitreous peeling, and perfluoropropane (C3F8) gas tamponade, were studied retrospectively with slit-lamp biomicroscopy, automated and kinetic perimetry, fundal fluorescein angiography, focal electroretinography (ERG), and colour contrast sensitivity (CCS) testing. Results-All five patients, who were between 50 and 73 years of age, reported an inferotemporal field defect following resolution of the intraocular gas bubble. In all eyes, the scotomata encroached to within 200 to 300 of fixation and to within 50 to 150 of the blind spot. In one eye, a partial altitudinal component was evident. All scotomata subsequently remained stable and three eyes developed subtle segmental nasal disc pallor and nerve fibre loss corresponding to the field defect. CCS testing revealed absent colour contrast in the scotomatous area, in the presence of a preserved focal quadrantic flash ERG, compared with normal CCS protan thresholds and focal ERGs in unaffected quadrants, indicating preserved outer retinal function in the area ofthe scotoma. Conclusions-These observations support the hypothesis that field defects occur as a result of retinal nerve fibre layer damage. It is proposed, on the basis of intraoperative observations and other evidence, that the most likely site of nerve fibre damage is at the nasal portion of the optic nerve rim or peripapillary retina, probably due to traction during cortical vitreous peeling. (BrJ3 Ophthalmol 1996; 80:519-525) The hypothesis that tangential vitreomacular traction leads to the formation of idiopathic full thickness macular holes (FTMH),' 2 has led to the use of pars plana vitrectomy, posterior cortical vitreous peeling, and long acting intraocular gas tamponade for its treatment. Several studies have shown this to be effective in closing FTMHs and producing significant improvement in visual acuity.9
Peeling of adherent posterior cortical vitreous is considered an integral part of the procedure for stage 2 and 3 FTMHs.'-9 It is effected by engaging cortical vitreous with active aspiration using the vitreous cutter or a soft tipped cannula,' and stripping anteriorly. Alterna 
Patients and methods
We studied retrospectively five patients who reported the onset of a peripheral field defect following macular hole surgery. Four were female and one male, aged 50-73 (mean 63) years. Two had mild hypertension controlled with one medication. One patient (case 4) had non-insulin dependent diabetes mellitus and had been treated successfully with a macular laser grid 5 years previously in the same eye. At the time of the macular hole surgery, no significant diabetic macular oedema was present. One patient (case 2) had red-green colour deficiency.
One eye was operated on for a stage 2 and four eyes for stage 3 FTMH, with preoperative visual acuities of 6/60-6/24 (mean 6/36). All five eyes had similar procedures for stage 2 and 3 FTMHs, without apparent complications. Briefly, following a three port pars plana vitrectomy, adherent posterior cortical vitreous was engaged, in the region of the optic disc or over the peripapillary retina, using the vitreous cutter with active aspiration. The layer was then stripped anteriorly beyond the equator, and the vitrectomy completed. Epiretinal membrane dissection was performed where necessary and the peripheral retina and entry sites carefully examined for iatrogenic breaks. This was followed by fluid-air exchange and aspiration of subretinal fluid from the cuff around the FJTMH, with a 34 gauge microcannula, and drying under air for 10 minutes. Where autologous serum was used, 0.1-0.2 ml were applied to the hole for 10 minutes. Finally, the procedure was completed with an air-gas exchange. As postoperative tamponade is believed to increase surgical success,5" we prefer perfluoropropane (C3F8) 14-16% which provides a longer lasting gas bubble, allowing tamponade for at least 14-21 days.
Postoperatively, patients were instructed to posture in the face down position for at least 2 weeks, and were examined on the first day, at 2 weeks, 6 weeks, and at 3 monthly intervals thereafter. Chloramphenicol eyedrops 0.5% four times daily, dexamethasone 0.1% four times daily, and atropine 1% twice daily were used for all operated eyes.
All five patients reported a peripheral field defect after the gas bubble had completely resolved. A full ocular and neuro-ophthalmic assessment was performed between 8 and 16 weeks after surgery, and all field defects were confirmed with Humphrey and Goldmann perimetry. As 
Focal ERG
We used an ERG and visual stimulator which consists of a 5 cm bowl, concave side pointing to the patient's eye, which is back illuminated by a number of light emitting diodes (LEDs).
The light from the diodes is diffused, and when the bowl is placed as near as possible to the eye, it forms a ganzfeld. The diodes are contained in a 5 cm plastic tube mounted on a pantographic arm, and could thus easily be directed to the eye from any point in visual space. In this investigation, the bowl was withdrawn to 28 cm from the cornea, so as to illuminate a 100 segment of the visual field. The tube containing the bowl was mounted onto a large sheet of white plastic on which fixation spots were placed appropriately. The fixation spots and the plastic surround were illuminated with red light to minimise stray light. By moving the fixation spot in front of the patient, and angling the stimulator appropriately, the desired regions of retina could be illuminated.
Focal ERG responses were recorded from the fovea and from the scotomatous area. The latter were then compared with focal ERGs from unaffected quadrants in the affected eye and from quadrants in the fellow eye.
Focal foveal responses were recorded with the subject fixating on the centre of the stimulus, using an inbuilt luminous fixation point built into the bowl. Individual quadrants were stimulated by the subject fixating on a point 19.4 cm from the centre of the bowl, so as to stimulate a segment of visual field 310 to 380 from fixation (that is, within the scotoma in affected quadrants). For Colour contrast sensitivity (CCS) Colour contrast thresholds were measured with the computer graphics system described by Arden et al,10 which has been used for contrast threshold testing in glaucoma," using a modification of the 'ring' technique described by TakYu and Arden." The original program has been modified so that the thresholds in each of 4 quadrants can be estimated simultaneously. The patients were placed 22 cm from the screen, so that the colour contrast thresholds were determined 30-35' from fixation- The values are also expressed as ratios of the foveal response and the two right hand columns compare the scotomatous quadrant and the unaffected quadrants (mean) of the same eye.
VISUAL FUNCTION AND PERIPHERAL FIELDS
All patients noted an absolute inferotemporal scotoma between 4 and 8 weeks postoperatively, as the gas diminished. In the eyes with closed holes, best corrected visual acuities of 6/9-6/12 were recorded and in those with open holes, acuities of 6/60 and 6/18. Ishihara scores varied from 5/13 to 12/13 and colour desaturation varied from mild to moderate and did not relate to whether the hole had been closed. Three eyes exhibited a mild relative afferent pupillary defect. Similar, absolute field defects were recorded in all five cases, with the inferotemporal quadrant universally affected (Fig 1) , encroaching to within 20-30°of fixation and to within 5-15°o f the blind spot, which remained normal. Goldmann perimetry provided accurate mapping of scotomata, particularly in the area of the blind spot. In case 5, a partial altitudinal component was present, and in another eye (case 4), more widespread constriction was evident. All defects remained stable throughout the follow up (6-12 (mean 7.8 months)) during which time at least three field examinations were performed. Nuclear lens opacification was noted in cases 2 (mild) and 4 (moderate).
OPTIC DISC AND RETINAL NERVE FIBRE LAYER FINDINGS
Four eyes had anatomically normal discs with cup to disc ratios of between 0.2 and 0.5. One eye had a small crowded disc without a physiological cup (case 1). Of the five eyes, three developed subtle nasal disc pallor and RNFL loss, anatomically consistent with the pattern of field loss.
OTHER FUNDUS FENDINGS
In case 4, background diabetic retinopathy remained unchanged postoperatively, without evidence of fresh maculopathy. In case 5, mild hypertensive vascular changes had been noted before surgery and remained unchanged post- CCS testing was carried out in three of five affected eyes (one case had a congenital colour vision defect and one had diabetes, which is known to affect colour vision). In these eyes, colour contrast was abolished in the scotomatous areas. Colour contrast was, however, recordable at the edges of scotomatous areas and revealed elevated contrast threshold, particularly for protan, compared with points on the same isoptre in unaffected quadrants and in fellow eyes.
Discussion
We have described five patients who developed peripheral field loss following routine macular hole surgery, a phenomenon which has been previously described in only one eye following surgery for a stage 3 FTMH.13 All eyes developed an absolute peripheral scotoma, affecting the inferotemporal quadrant, not contiguous with the blind spot, which remained stable. The consistent pattern of field loss implies a common aetiology and site.
The observations presented in this study confirm that field defects were caused by retinal nerve fibre loss rather than outer retinal damage. The preservation of the focal ERG in the affected quadrant, with an absent colour contrast threshold to protan, rules out outer retinal pathology. Photoreceptor toxicity, due to intraocular gas or autologous serum, and outer retinal or choroidal ischaemia are therefore unlikely to play a role. Retinal vascular occlusion would also appear unlikely in view of the lack of clinical signs postoperatively, and the lack of ERG b-wave abnormality.'4 15 Preservation of focal foveal VER and full VER responses, which are dominated by the papillomacular region suggests that the RNFL was largely intact in this area. The possibility of a mechanical effect, from the gas bubble, on the RNFL also appears rather remote, as similar defects have been described after vitrectomy and posterior cortical peeling for excision of subfoveal choroidal neovascular membranes,13 where gas tamponade was not used.
The precise location of nerve fibre damage cannot be determined on the basis of the electrophysiological tests available for this study, in that the VEE measures overall retinocortical function, while the ERG reflects outer retinal function. Although the pattern ERG (PERG) may be used to assess inner retinal function, responses can only be analysed if the stimulus is focused on the fovea and it is therefore of limited use in detecting focal inner retinal abnormalities.
However, considerable circumstantial evidence indicates that the site of nerve fibre damage is at the optic disc or peripapillary RNFL rather than at the peripheral RNFL, and is probably due to traction during cortical itreous peeling. Firstly, field defects have not, thus far, been described in eyes undergoing surgery for stage 4 holes, where the vitreous cortex is already detached. Secondly, intraoperative observations during this manoeuvre suggest that vitreopapillary traction occurs in most cases, and that the firmest vitreous adhesions occur at the optic disc and peripapillary region (Gregor, Ezra, and Aylward, unpublished data). This is invariably the most difficult area of posterior vitreous cortex to separate, irrespective of where the cortex is initially engaged and detached, and is accompanied by papillary and peripapillary RNFL elevation and superficial haemorrhages, just before separation occurs, particularly at the nasal papillary rim. Although most haemorrhages appear to be benign, (Gregor, Ezra, and Aylward, unpublished data) they do indicate that some vascular disruption in the RNFL, as a result of tractional forces, does occur. In contrast, peripheral cortical vitreous peeling appears to be far easier, requiring far less aspiration, and although accompanied by mild rippling of the retina, is rarely associated with haemorrhages.
Histopathological studies have also shown that the most adherent areas of posterior cortical vitreous are at the optic disc. ' 
